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OPTICAL APPARATUS FOR MEASURING ABSORPTION AND FLUORESCENCE OR SCATTERING 
PROPERTIES OF A SAMPLE 

The present invention relates to an optical apparatus, and particularly tliough 
not exclusively to an appai*atus suitable for measuring optical properties of a sample. 

Measuring optical properties of a sample is a conmion way of identifying or 
characterising a sample. Optical -properties that ai*e conm.ionly measured include 
absorbance, scattering and fluorescence. 

Absorbance is conventionally measui-ed by directing light into a sample held 
m a cell, and detecting the amoxmt of light which is transmitted directly through the 
sample. Typically the measurement is nomialised by detecting the amount of light 
which is transmitted directly through a cell containing no sample. 

Florescence is conventionally measured by directing light of a smtable 
excitation wavelength into a sample held in a cell, and detecting fluorescent light 
emitted in transverse directions from the sample. In a Icnown prior ait arrangement a 
single detector is placed adjacent the cell. Tliis is refeiTed to as an L-format 
aiTangement. hi an altemative prior aii arrangement detectors are placed on eitliei' 
side of tire cell. Tliis is refen*ed to as a T-fomiat an-angement, A wavelengtli 
dependent optical filter may be used to ensure that only fluorescent light is incident 
upon the detector, and not scattered or transmitted light (the fluorescence wavelength 
is longer than the excitation wavelength). 

Scattering is conventionally measured by directing light of a suitable 
wavelength into a sample held in a cell, and detecting light scattered in transverse 
directions from the sample. An L-fomiat arrangement or a T-format arrangement of 
detectors may be used. A wavelength dependent optical filter may be used to ensm'e 
that only scattered light, and not fluorescent light, is incident upon the detector. 

Optical apparatuses are known wloich can measure absoiption or which can 
measure both florescence and scattering. Difficulties arise however, when it is 
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necessary to measure both the absorption and scattering or florescence of a particular 
sample. With conventional sample cells, such as a stocked-flow cell, continuous flow 
cell, pressure cell Qump or continuous), temperature jump cell, moving the sample 
between apparatuses can be problematical. 

It is an object of the present invention to obviate or mitigate the above 
difficulties. 

According to the invention there is provided an optical apparatus comprising a 
sample holding means, a detector and first and second light selection means, the 
sample holding means being arranged to receive incident light from a light source, the 
first fight selection means being arranged to selectively allow fight that passes firom 
the sample holding means in a direction substantially parallel to the direction of the 
incident fight to pass to the detector, and the second fight selection means being 
aixanged to selectively allow fight that is emitted firom the sample holding means m a 
direction substantially transverse to the direction of the incident fight to pass to the 
detector. 

The invention is advantageous because it allows the measurement of 
absorbance and of fluorescence or scattering in a single apparatus, and moreover 
using a single detector. 

Preferably, the first fight selection means comprises a shutter located between 
the sample holding means and the detector, the shutter being moveable between a first 
position in which the fight that is substantially parallel to the incident fight passes 
tlirough the shutter to the detector, and a second position in which the light tliat is 
substantially parallel to the incident light is prevented firom passing to the detector. 

Preferably, the shutter is provided with a reflective surface an'anged such that 
when the shutter is in the second position the light that is substantially parallel to the 
incident fight is reflected firom the shutter. 
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The shutter may be an*anged to reflect the Ught back into the sample holder. 

Alternatively, the shutter may be arranged to reflect tlie light to a second 
detector or to a light trap. 

Preferably, the reflective suiface of the shutter is moveable, and may be 
adjusted to either reflect the light back into the sample holder, or to reflect the light to 
the second detector or to the light trap. Where a second detector is used this- allows 
the simultaneous measurement of absorbance and of fluorescence (or scattering). 

The second light selection means, may comprise one or more hght guides, 
which may be provided with light guide shutters moveable from a first configm'ation 
in which light is allowed to enter the one or more liglit guides, and a second 
configuration in which hght is substaatially prevented from entering the one or more 
light guides. 

The one or more light guides, preferably comprise one or more pentaprisms, 
but may for uistance comprise one or more fibre optic cables. 

Preferably operation means are provided to operate the first and second light 
selection means simultaneously such that when the first h^it selection means is 
adjusted to pass light to the detector the second hght selector means is adjusted to 
prevent passage of hght to the detector and vice versa. 

The operation means comprises a mechanical comiection. 

The apparatus is provided with one or more wavelengtii dependent optical 
filters which may be used to selectively transmit to the detector hght at the 
wavelength of the incident hght or light at a fluorescence wavelength. 

Suitably, the one or more wavelength dependent optical filters may be 
momited in a holder which may be connected to the operation means, such that 
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movement of the shutter aiid the light guide shutters also moves the holder, thereby 
positioning an appropriate wavelength dependent optical filter over the detector. 

The holder may be provided with an opening which does not contain a 
wavelength dependent optical filter. 

The detector may be any suitable, conventional detector such as a photo- 
multiplier tube. 

The sample holding means may comprise a housing dimensioned to receive a 
cuvette. Areas of upper and lower surfaces of the housing are opaque such tliat light 
travelling in a direction which is not substantially parallel to the direction of the 
incident light is prevented from passing via the first light selection means to the 
detector. 

A specific embodiment of the invention will now be described by way of 
example only, with reference to the accompanying figures, in which: 

Figure 1 is a schematic illustration of an optical apparatus which embodies the 
iiwention; 

Figure 2 is a more detailed schematic illustration of the embodiment shown in 
figm-e 1; 

Figure 3 is a series of schematic illustrations of shutters which may fomi part 
of the apparatus shown in figures 1 and 2. 

Referring to figure 1, a cell 1 containing a sample is located vertically above a 
detector 2. A light somxe, for example a laser (not shown) generates a beam of light 
3 which passes vertically downwards into the cell 1. An apertvxre 4 is located between 
the cell 1 and the detector 2. A moveable shutter 5 is located betvs^een the cell 1 and 
the apertm-e 4. Light guiding means 6 are provided at sides of the cell 1 and are 
arranged to guide light emitted firom sides of tlie cell 1 via the apertui*e 4 to the . 
detector 2. 
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In use, when absorbance is to be measured the shutter 5 is opened. Tliis 
allows light 3 which has passed through the cell 1 to travel through tlie aperture 4 and 
be incident upon the detector 2. 

When florescence is to be measured tlie shutter 5 is closed, thereby' preventing 
light which has passed directly through the cell 1 from being incident upon the 
detector 2. Florescence which is emitted transversely from the cell 1 is collected by 
the light guides 6 and directed through the aperture 4 and onto the detector 2. 

When scattering is to be measured the shutter 5 is closed. Scattered lijght is 
collected by the light guides 6 and passed through the aperture 4 to the detector 2, 

Figure 2 shows the embodiment of the invention in more detail. Referring to 
figure 2, the cell 1 comprises a housing 10 containing a cuvette 11. A sample is held 
within the cuvette 11. The \ipper and lower ends and the walls of the cuvette 11 are 

substantially transparent at wavelengths of interest. An uppermost surface of the 
housing 10 is substantially opaque, so that incident light 3 is allowed to enter tlie 
sample cuvette 1 1 through the upper end of tlie cuvette 1 1 only. A lowemiost surface 
of the housmg 10 is similarly opaque so that hght cannot pass downwards towards the 
shutter 5 except through the lower end of tlie cuvette 11. 

One possible configuration of the shutter 5 is shown in figure 3a. The shutter 
5 comprises a plate into which an opening 12 has been cut. The shutter 5 . is located 
beneath the housing 10 and sample cuvette 11 and is moveable from a first position in 
which the opening allows Hght to pass from the sample cuvette 1 1 to the detector 2, to 
a second position in which the plate prevents light passing from the sample cuvette 1 1 
to the detector 2. 

Referring again to figure 2, the aperture 4 and a suitable wavelength 
dependent optical filter 13 ai'e provided in a housing 14. The housing may be slid 
fi'om left to right (as viewed in figure 2) to allow either the filter 13 or the aperture 4 
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to be located above the detector 2. The wavelength dependent optical filter 13 may be 
selected to prevent light at the incident wavelength passing to the detector 2, whilst 
allowing transmission of florescent hght to the detector 2. Alternatively, the 
wavelength dependent optical filter may be selected to prevent fluorescent hght 
passing to the detector 2 whilst allowing ti'ansniission of light at the incident 
wavelength to the detector 2. 

The light guides 6 comprise pentaprisms located on either side of the sample 
housing 10. Since side windows of the sample housing 10 are transparent at 
wavelengths of interest, florescent light emitted by tlie sample or liglit scattered by tlie 
sample v/ill pass through wails of the sample holder 10, and into the pentaprisms 6. 
The pentaprisms 6 have reflecting faces which are arranged such that light which 
passes mto the pentaprisms 6 from the sample holder 10 is reflected by the 
pentaprisms 6 downward towards the detector 2. The pentaprisms. 6 have faces 6a 
which are cut at an angle. The angle is selected so that as much light as possible 
passes firom the sample holder 10 into the pentaprisms 6 (if the faces were not cut at 
an angle a significant proportion of the light would be reflected by the faces, and 
would thus not be detected). 

When florescent light is to be detected, the wavelength dependent optical filter 
13 may be positioned over the detector 2 using the housing 14, so that florescent hght 
is transmitted to the detector 2 but light at the incident wavelength is not transmitted 
to tlie detector 2. Where the apparatus is used to measure scattering (i.e. tm'bidity 
measm-ements) the wavelength dependent optical filter 13 maybe positioned over tlie 
detector using the housing 14, so tliat fluorescent light is blocked firom being incident 
upon the detector. If the sample is not fluorescent, or if the wavelength of the incident 
light is such that it will not induce fluorescence, then a wavelength dependent optical 
filter 13 is not required, and the apertiu*e 4 may be used instead. 

As previously described, during measurement of florescence or scattering the 
shutter 5 is positioned to prevent light which has passed directly through the sample 
cuvette 1 1 from being incident upon the detector 2. The uppermost surface of the 
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shutter 5 may be reflective, to reflect light which has passed tlirough the sample 
cuvette 1 1 back into the sample cuvette 11, thereby providing increased illumination. 
Tliis is advantageous because it increases the amount of florescent li^it or scattered 
hght that may be detected. 

Shutters 15 are provided between the sample holder 10 and the pentaprisms 6. 
The shutters are moved to an open position when florescence or scattering is to be 
measured, and aie moved to a closed position (as shown in figure 2) when absorbence 
is to be measured. 

The detector 2 comprises a photo-multiplier tube with variable, gain. Wlien 
the photo-multipher tube is used to measure fluorescence or scattering, the amoimt of 
light incident upon the detector may be small. When this is the case tlie gain of the 
photo-multipher tube may be set to its maximum. When the photo-multiplier tube.is 
used to measure absorbance (i.e. the amount of hght transmitted directly through the 
sample) the amount of light incident upon the detector may be substantially greater. 
When this is the case the gain of the photo-multiplier tube is reduced accordingly. 
The gain of the photo-multiplier tube may be adjusted by turning on or off 
amplification stages (dynodes) of the photo-multiplier tube, or adjusting the high 
tension voltage that is applied to the photo-multipher tube. 

An alternative configuration of the shutter 5 is shown in iBgure 3b. The shutter 
5 comprises a prism 16 which is separated into two halves by an opaque layer 17, 
The first half 16a of the prism is provided with a reflective layer. Referring to figure 
2, the reflective layer is provided on the surface of the prism .16 which is closest to the 
sample holder 10. When the first half 16a of the piism 16 is located beneath the 
sample holder 10, the prism 16 reflects light transmitted by the sample directly back 
into the sample holder 10. The second half 16b of the prism 16 is not provided with a 
reflective layer. Wlien the second half 16b of the prism 16 is located beneath the 
sample holder 10, the prism transmits to the detector 2 hght wliich has been 
transmitted by the sample. The prism 16 is moveable between first and second 
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positions in vvliich either tlie first half 16a or the second half 16b of the prism 16 is 
located beneath the sample holder 10. 

A further alternative configuration of the shutter 5 is shown m figures 3c and 
3d. The shutter 5 comprises a prism 18 having a first half 18a provided with a 
moveable reflecting face 19, and a second half 18b which is not provided with a 
reflective layer. When tlie first half 18a of the prism 18 is located beneath the sample 
holder 10, the reflecting face 19 reflects Hght away from the detector 2. Wlaen the 
reflecting face 19 is in a first position (horizontal in figure 2), light is reflected 
dhectly back into the sample holder 10, When the reflecting face 19 is in a second 
position (at an angle of 45 degrees to tlie horizontal), Hght wliich has been transmitted 
by the sample is du*ected horizontally away from the detector 2. The light may be 
collected in a Hght trap. Alternatively, the hght may be passed to a second detector 
(not shown), thereby allowing simultaneous measurement of absorbance and 
scattering or fluorescence. This may be advantageous when the absorbance and 
scattering or fluorescence are being measured as a function of time. 

It is possible to obtain 'near sunultaneous' measiu'ements of absorbance and 
measurements of scatteiiiig or fluorescence using the apparatus with the single 
detector 2, by repeatedly moving tlie shutters 5, 15 rapidly between tlie absorbance 
measurement configuration and the scattering or fluorescence measurement 
configuration. Provided that the movement between configurations talces place at a 
rate wliich is significantly faster than the rate of change of tlie absorbance or 
scattering (or fluorescence), tlie measurements obtained will not be compromised by 
the movement of the shutters 5, 15. 

The apparatus is advantageous because it allows measurement of absorbance 
and measurement of scattering or fluorescence using a single detector and v/ithout the 
need to move a sample. A furtlier advantage of the apparatus is that it allows 
simultaneous measurement of absorbance and measm-ement of scattering or 
fluorescence, thereby allowing associated time-resolved measurements of those 
properties. The shutters 5, 15 are mechanically connected together by a simple cross- 
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member filament, to allow them to be moved simultaneously by a single manual or 
automated operation. 

The shutters 5, 15 may,, instead of being mechanically connected, be 
separately driven for example by electric motors (not shown). The electric motors 
may be controlled by a suitable conti*oller such that they are moved simultaneously. 

The housing 14 maybe mechanically connected to the shutters 5, 15 such that 
an appropriate filter 13 or tlie aperture 4 is positioned above the detector 2 when tlae 
shutters 5, 15 are moved. 

Although the light guides 6 are shown in figure 2 as being pentaprisms, other 
suitable forms of light guide may be used, for example optical JBbres. A single light 
guide 6 may be used instead of two light guides 6, althougli this will reduce the 
amount of light that is coupled to the detector 2. 

The wavelength dependent optical filters 13 may be any suitable known filters, 
for example cut on/off filters, interference filters, dichroic filters, etc. 



